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ASIAN INFLUENZA IN NEW HAVEN, 1957-1958:
AN EPIDEMIOLOGICAL SURVEYt
The appearance of the new Asian influenza virus in early 1957 and its
subsequent rapid spread throughout the world stimulated renewed interest
in the epidemiology of influenza. For the first time since identification of
the etiologic agents of this disease the opportunity presented itself for study
of its pandemic form by specific microbiological tests. The results of a
number of such studies concerning various epidemiological aspects of Asian
influenza have now been published.8'5 8,1,2,U2
s
The study on which this report is based provided information which
further documented attack rates and other epidemiological features of Asian
influenza. In addition, some data were obtained concerning the relationship
of certain local socio-economic factors to the pandemic.
MATERIALS AND METHODS
In the spring of 1957 a longitudinal serological survey for antibodies to various
infectious agents was begun in the New Haven area by the Section of Epidemiology and
Preventive Medicine. In May and June of that year, before Asian influenza had made its
appearance in Connecticut, serum samples were obtained from about 1,100 school
children, adolescents, and adults. Approximately a year later, several months after the
pandemic had subsided, about 500 of the same individuals were bled again. At the time of
the second bleeding these individuals or their parents were asked if they had been
vaccinated against Asian influenza and if they had had influenza during the preceding
year. Unfortunately, only a relatively small number of adults were bled a second time;
most of these worked in a single factory and nearly all had been vaccinated against
Asian influenza. For this reason the study is mainly concerned with juvenile rates.
A total of 286 subjects with paired sera were studied and, except for the adults,
practically all of whom were included, were chosen on a random basis according to
age and social class.
Table 1 shows the study population, divided according to age and social class. There
were no infants or preschool children included in the study, and the adult group,
consisting mostly of individuals in the third and fourth decades of life, did not include
any older individuals, that is, beyond the fifth decade. There was a fairly even
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distribution according to age and social class except for the adult group where there
were relatively few in the upper social class.
No exact data were available concerning the details of vaccination, or concerning the
illnesses experienced by those who said that they had had Asian influenza. Information
of a general nature, however, indicated that most individuals in this area, who received
Asian influenza vaccine, were given one or two intracutaneous injections of 0.1 cc. of
a monovalent preparation containing 200 CCA units per cc. during the fall of 1957.
Additional data indicated that the vast majority of clinical influenza in Connecticut
occurred during the fall, with the peak incidence in the third week of October.' This
was similar to the experience throughout most of the U.S.A.,'6 and is well illustrated by
the curve for excess deaths from influenza and pneumonia, which, after a short lag
period, paralleled that for the reported incidence of influenza during the fall.7 Figure 1
depicts the graph for these excess death rates in 14 New England cities, in relation to
the times at which serum samples were obtained.
TABLE 1. TOTAL SUBJECTS STUDIED, DIVIDED ACCORDING TO AGE
AND SOCIAL CLASS
Social class
Age group Lower Upper
5-9 33 36
10-14 41 45
15-19 37 30
20-59 44 20
Totals 155 131
Samples of sera were separated from the clots on the same day on which blood was
obtained, frozen in several aliquots, and stored at -20° C. Paired sera from each
individual were examined simultaneously in the same test, using dilutions of 1 in 4
through 1 in 64, for both complement-fixing (CF) and hemagglutination inhibiting
(HI) antibodies. Allantoic fluid preparations of early egg passages (5th, 6th, or 7th)
of the A Japan/305/57 strain of Asian influenza virus were used in all tests. In
agreement with the report of Meyer, this strain was found to be insensitive to the non-
specific inhibitors of hemagglutination present in human sera.'" Consequently, no
attempt was made to remove these inhibitors, and the sera were treated only in that
they were heated in a water bath at 60° C. for 20 minutes. The tests for HI antibodies
were done by the method recommended by the Committee on Standard Serological
Procedures in Influenza Studies.' The CF tests were done according to the modified
plate technique of Fulton and Dumbell, using one and a half units of guinea pig
complement and eight units of antigen.'M Only sera showing a four-fold or greater rise
in titer, from 1957 to 1958, by one or both tests, were considered positive, that is, were
considered to have shown a significant rise in antibody.
RESULTS
Prevalence ofpre-pandemic antibodies and comparison of CF and HI tests
in determining antibody rises. As was to be expected, Asian virus HI anti-
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bodies were not found in any of the 1957 or pre-pandemic samples of sera,
because relatively few adults and no individuals beyond the fifth decade
were included in the study.8'" On the other hand, pre-pandemic sera of
about 40 per cent of the subjects contained CF antibodies, indicating prior
antigenic experience with at least one of the influenza A viruses. Further-
more, in confirmation of the work of Davenport and others, it was found
that the prevalence of CF antibodies in these sera increased progressively
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FIG. 1. Chart showing excess mortality from influenza and pneumonia in 14 New
England cities, during and following the Asian influenza pandemic. Blood samples were
obtained in New Haven, as indicated by the arrows, in May-June 1957 before the
pandemic began and again in May-June 1958 after it had subsided. The seasonal trends
are shown by the parallel lines, the solid line representing "normal incidence," and the
broken line, the "epidemic threshold." (Reproduced, with the kind permission of
Dr. M. Pizzi, from CDC Influenza Surveillance Report, No. 41, May 29, 1958.)
with age.8" This is well illustrated in Table 2 which shows the age-specific
prevalence of CF antibodies. The possession of these CF antibodies, how-
ever, afforded no protection against infection with the Asian virus, since the
incidence of antibody rises, in unvaccinated individuals, was as great in
those with as in those without such antibodies. Comparison of the CF and
HI tests indicated that more rises were demonstrated with the former than
with the latter, but that the greatest number of rises was observed when
both tests were employed. In only about a third of the positive cases could
a diagnostic rise in titer be shown by both CF and HI tests. Although the
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techniques of testing differed somewhat, the results of the comparison were
in accord with those obtained by Jensen,' Buebendorf,' and Kalter.u In
contrast to the findings of these investigators, however, Jordan found more
antibody rises with the HI test than with the CF test."
Antibody rises in vaccinated versus unvaccinated subjects. Table 3 shows
the cumulative totals and those for vaccinated and unvaccinated groups.
TABLE 2. AGE SPECIFIC PREVALENCE OF CF ANTIBODIES AGAINST
INFLUENZA A IN PRE-PANDEMIC SERA
Per cent
Age group Number tested Number positive* positive
5-9 69 12 17.4
10-14 84 22 26.2
15-19 69 36 52.1
20-59 64 40 62.5
* Positive denotes the presence of CF antibody in serum diluted 1 in 4 or greater.
TABLE 3. VACCINATION AND RISES IN ASiAN INFLUENZA ANTIBODIES
Groups Number tested Number positive* Per cent positive
Vaccinated 146 62 42.5
Unvaccinated 140 91 65.0
Totals 286 153 54.5
* Positive denotes a 4-fold or greater rise in antibody between 1957 and 1958.
More than half of all the individuals tested showed a significant rise in
antibody, and there was more than a 20 per cent difference between the
percentages in the two groups, (42.5 per cent of vaccinated and 65 per cent
of unvaccinated subjects), thus suggesting that vaccination did exert some
protective effect. The same data are depicted in Figure 2 which shows the
percentage of individuals with antibody rises plotted against age. The
numbers denote the total of all individuals studied in each group. The solid
line represents vaccinated individuals and the broken line those who were
not vaccinated. It is apparent at once that more than half of all persons
studied showed a rise in Asian influenza antibodies. In agreement with the
experience of others, the incidence of antibody rises was found to be greater
in persons of school age than in those over the age of 20.4' There was,
however, no significant difference in incidence among the various younger
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age groups. In the unvaccinated groups antibody rise obviously represented
the incidence of Asian influenza infection, whereas in the vaccinated groups
it may have been due, in part at least, to an antibody response to the vaccine.
The high incidence-about 70 per cent-of infection among unvaccinated
elementary and high school students is comparable to that of 75 per cent
found by Carey among similar groups following the first U.S. community-
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FIG. 2. Vaccination and age-specific rises in Asian influenza antibodies. Numbers
represent total individuals tested in each age group.
wide outbreak of the disease which occurred in Louisiana in the summer of
1957.' There was little difference in antibody rise between vaccinated and
unvaccinated in any of the different age groups. However, the incidence of
rises in all groups except the adults was consistently less in the vaccinated
than in the unvaccinated.
History of Asian influenza and serological incidence of infection. Figure 3
shows the incidence of antibody rises in per cent plotted against age, in
relation to a history of influenza during the pandemic. In this figure and
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succeeding ones the data for adults are not charted because the very small
numbers in certain categories precluded inclusion of this group. The solid
line represents those who gave a history of having had the disease and the
broken linethosewho said they had not had influenza. None of these individ-
uals had been vaccinated and therefore antibody rise was a measure of the
incidence of infection. Again the high incidence of Asian influenza, averag-
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FIG. 3. History of influenza and age-specific rises in Asian influenza antibodies in
unvaccinated individuals. Numbers represent total individuals tested in each age group.
ing about 70 per cent, is apparent. Of those who thought they had had the
disease, 80 per cent appeared to be right; in sharp contrast to this, of those
who thought they had not had Asian influenza, about 64 per cent appeared
to be wrong. Thus of a total of 90 unvaccinated individuals who showed an
antibody rise only 36 or 40 per cent gave a history of overt disease while
54 or 60 per cent had subclinical or inapparent infections. This is indicative
of a very high incidence of subclinical or inapparent infection, but it should
be emphasized that the history consisted of the single brief question: Did
your child have Asian influenza?-and that this information was not solicited
until some 6 or 7 months after the peak of the pandemic had passed.
However, the data are in fairly good agreement with those obtained in a
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similar study by Carey,' in which histories were taken about two months
after the disease had reached its peak incidence. The attack rates in his study
were similar to those in the present survey in which the clinical attack rate
(34.6 per cent), based on a history of influenza, was lower than the actual
attack rate (69.2 per cent), as determined by serological study. It is of
interest that in most such surveys, where serological tests have been per-
formed, the actual infection rates for influenza have been considerably less
than the clinical attack rates, probably because of confusion of influenza with
other respiratory diseases occurring at the same time.
Social class and size offamily in relation to incidence of rises in antibody.
Designation according to lower or upper social class depended upon the
individual's status in regard to the six socio-economic areas which have
been established for the City of New Haven and which are based upon type
of dwelling, occupation, and other factors. Arbitrarily, subjects in areas 1-3
were classified as being in an upper social class and those in areas 4-6 in a
lower social class. Figure 4 shows the incidence of antibody rises plotted
against age in relation to social class among unvaccinated persons. The solid
line denotes those in the lower social class and the broken line those in the
upper social class. As in previous figures the numbers indicate the total sub-
jects studied in each group. In unvaccinated individuals the incidence of
antibody rises, in general, was slightly higher among those of the upper
social class than those of the lower class. However, these differences are
not significant and it may be assumed that the age specific attack rates were
about the same in both social classes.
On the other hand, in vaccinated subjects, there were such wide variations
in the incidence of antibody rises among the different age groups and in the
two social classes that no pattern could be discerned. This variability may
have been due, in part at least, to a variable response to vaccination rather
than to infection, and these data are not presented in detail.
In order to determine whether crowding, as judged by size of family, was
significant, the subjects were divided into two groups. One group comprised
those individuals with six or more in the family and the other those with
families of five or less. Figure 5 shows the incidence of age specific antibody
rises in per cent in relation to size of family. The solid line indicates subjects
with larger families and the broken line those with smaller families. As was
true in the comparison between social classes, antibody rises were about the
same in all age groups among unvaccinated individuals, and there was no
significant difference in the incidence of rises between subjects with large
families and those with small families. Thus, differences in social class and
size of family appear to have had little or no influence upon the incidence of
Asian influenza in unvaccinated persons of school age.
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Comparison of Figures 4and 5 shows that the curves based on social class
are almost identical to those based on size of family, the group with larger
families corresponding to lower social class, and that with smaller families
corresponding to upper social class. This striking similarity suggested that
the upper social class might be composed mostly of smaller families and the
lower class of larger families. Analysis of the data indicated that this
actually was the case, at least, among unvaccinated subjects. Interestingly
enough, however, among vaccinated subjects there was a higher prevalence
of larger families in the upper social class.
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COMMENT
Although a number of careful studies have shown that definite relation-
ships exist between socio-economic status as well as other environmental
factors and the age-specific attack rates of some infectious diseases, rela-
tively little information is available concerning such relationships in acute
viral infections of the respiratory tract. In diseases, such as the enteroviral
infections, which are spread through the intestinal-oral circuie rt seems
certain that poor environmental sanitation is at least partly responsible for
the higher prevalence among lower socio-economic groups. Thus, antibodies
against poliomyelitis reach a peak prevalence at a much earlier age in some
parts of the world where poverty is rife and sanitation is at a low level, than
in wealthier and more highly developed areas; and, there are some data
which suggest that the rate of development of antibodies against both polio-
myelitis and streptococci, in the temperate zone, is inversely related to socio-
economic status.S9.20.`18,2.
25' That lower socio-economic status and crowd-
ing are conducive to increased mortality and incidence of rheumatic heart
disease is well known."
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Perhaps less well documented but nonetheless generally accepted is the
premise that crowding results in a higher incidence of the common respira-
tory illnesses. The Cleveland family studies have clearly demonstrated a
higher incidence of respiratory infections in young school children than in
those not attending school. Furthermore, in general, the larger the family,
the greater were the attack rates for both family and individual. On the
other hand, it was felt that there was little, if any, evidence that the inci-
dence of the common respiratory infections was related to economic status.'
Lim observed lower attack rates of Asian influenza among Europeans than
among Asians, although the latter had higher pre-pandemic levels of A and
A-prime antibodies. He interpreted these findings as meaning that the
differences in susceptibility were not due to differences in previous experi-
ence with other strains of influenza virus, but that socio-economic conditions
played an important role.'7
While minor differences in the incidence of antibody rises undoubtedly
existed in the present study there was no apparent relationship to socio-
economic status and crowding, as judged by size of family; and, it seems
probable that these factors played no part in determining the incidence of
Asian influenza among unvaccinated subjects.
In addition to the possibility of sampling errors due to the relatively small
numbers of sera tested, several other sources of possible error in this study
should be considered. Asian influenza may have produced, in some subjects,
an antibody response too poor to be detected by the techniques employed.
Furthermore, in others an initially high titer of antibody may have dropped
to an insignificant level by the time the second serum samples were obtained,
several months after infection. Obviously, a rise in antibody in unvaccinated
subjects is significant, but failure to demonstrate a rise does not necessarily
exclude infection. Thus, some negative results may be misleading and may
be indicative of an attack rate lower than that which actually occurred. Un-
vaccinated subjects showing rises in antibody demonstrable by the comple-
ment fixation test alone-a test which is not strain specific-are assumed to
have been infected with the Asian strain ofvirus. Such an assumption seems
justified, in view of the fact that the Asian virus was highly prevalent and
no other strains are known to have been present at this time. Among vac-
cinated subjects, of course, there is no way of determining whether the anti-
body rises were due to infection or to vaccination. Finally, designation as to
social class was somewhat arbitrary and was formulated in accordance with
data which were based on socio-economic conditions as they existed in New
Haven in the early nineteen thirties, with revision in 1950-1951. However,
it is thought that significant differences still exist among these six socio-
economic categories, although many changes doubtless have occurred.
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SUMMARY
A serological survey for Asian influenza antibodies was carried out among
a group of 286 inhabitants of New Haven, Connecticut. Paired sera, col-
lected before and after the influenza pandemic of 1957-1958 were tested by
both the CF and HI tests. The incidence of antibody rises was 65.0 per cent
in unvaccinated and 42.5 per cent in vaccinated individuals. The highest
incidence occurred in elementary and high school students; and among
unvaccinated subjects subclinical illness accounted for 60 per cent of the
total morbidity. HI Asian antibodies were not found in the pre-pandemic
sera; CF antibodies were present in many but appeared to afford no pro-
tection against Asian influenza. Social class and size of family had no
significant effect upon the incidence of antibody rises among unvaccinated
subjects.
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